D ata on cancer incidence are traditionally obtained from population-based cancer registries. 1 Colombia has the oldest cancer registry in Latin America, the Cali Cancer Registry, which provides information for the urban population of Cali since 1962, and meets standards of data quality required for inclusion in successive volumes of the "Cancer Incidence in Five Continents" series. 2 Given the cultural, geographical and social variability of Colombia, the incidence data of the Cali Cancer Registry are insufficient to provide a nationwide picture of cancer incidence, nor for regions outside its coverage area.This has motivated the establishment of additional cancer registries in other areas of the country, although at present, these registries have been going on for only a few years and do not provide additional data to complement existing sources of information on cancer incidence in Colombia.
Despite the recent publication of a Mortality Atlas for Colombia 3 -that provides a clear picture of differing risks according to geographical areas for the major cancer sites-there is still the necessity for the attainment of suitable information on cancer incidence for the planning of treatment and prevention services at the district and national level.
In the absence of national incidence information, the International Agency for Research on Cancer (IARC) developed an estimation method based on national mortality and on local incidence and mortality data; this method is frequently used to obtain information at the country level. [4] [5] [6] [7] GLOBOCAN 8 provides an estimation of cancer incidence at the national level, but the estimation is based on mortality data, and incidence data from the Cali Cancer Registry as well as from other Latin American registries. The cancer patterns in these external populations may be of little relevance to the epidemiological profile of Colombia and the true picture of national incidence.
The purpose of this study was to examine the aforementioned method in estimating cancer incidence at the national and subnational levels in Colombia. Estimates of incidence rates and the number of new cases are presented for the 18 most common cancer sites by sex.
Material and Methods
The present publication is a component of the study "Present state of the cancer situation in Colombia: Incidence and mortality" , approved by the Ethics Committee at the Instituto Nacional de Cancerología in Bogotá, Colombia.
Incidence and mortality data were extracted by sex and for 18 common cancer sites using the International Classification of Diseases, 10 th edition (ICD-10): oral cavity and pharynx (C00-14), oesophagus (C15), stomach (C16), colon-rectum (C18-21), liver (C22), gallbladder (C23-4), pancreas (C25), larynx (C32), lung (C33-4), female breast (C50), cervix uteri (C53), corpus uteri (C54), prostate (C61), bladder (C67), brain-central nervous system (C70-2), non-Hodgkin lymphoma (C82-5,C96), leukaemia (C91-5) and for all cancers combined (but non-melanoma skin cancer, C00-96 but C44). After analysis, the data were partitioned into eight age groups: 0-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74 and 75 years and over.
National mortality and population data
Mortality and population data were obtained for the period 1995-1999 at both the national level and district level from the Departamento Administrativo Nacional de Estadística (DANE), the official source for such information in Colombia. 9, 10 Mortality data were first adjusted for under-registration at a district level and then by age and sex, using the information provided by a Colombian study on completeness of death information for the year 1993. 11 The number of deaths coded as 'uterus unspecified' (ICD-10 C55) was reallocated to either uterine cervix (C53) or uterine corpus (C54) cancer, on the basis of their respective age specific proportions, following international recommendations. 12 Finally, for each combination of cancer site and sex, cases of unknown age were partitioned proportionally within the eight age groups, therefore assuming that such cases were missing age at random and had the same age distribution as the known cases. This method is the one followed by the IARC in the different "Cancer incidence in five continents" publications.
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Incidence estimates
The following formula was used in the estimation process:
Where:
I N = national/district incidence M N = national/district mortality (1995-1999) I R = regional incidence from Cali (1992-1996) 2 M R = regional mortality from Cali (1992 Cali ( -1996 , assuming a similar I/M ratio for each district and for Colombia as a whole.
National and district cancer incidence was estimated through a Poisson log-linear model of incidence and dence information from different registries (only Cali or Cali, Quito and Costa Rica). Estimated incidence was obtained for Cali and Pasto, using the following four combinations: mortality (Cali, Pasto) corrected with WHO indicators and incidence from Cali only; mortality (Cali, Pasto) corrected with local information and incidence from Cali only; mortality (Cali, Pasto) corrected with WHO indicators and incidence from the three registries combined; mortality (Cali, Pasto) corrected with local information and incidence from the three registries combined. The estimated data were then compared with the Cali incidence and with the Pasto incidence from the existing population based cancer registries in these two cities. 2, 16 This validation procedure has been published previously 17 and yielded best results with a "Colombian model" e.g. correcting mortality with local information and using the incidence data only from the Cali Registry.
Results
Age-adjusted cancer incidence rates in men were 213.6 and 212.9 in women (tables I and II). The estimated average annual number of incident cases for 1995-1999 was 28 130 in men and 33 500 in women (tables I and II). The number of cases for the 17 specific sites accounted for 77.3% of the total number of cases in males and for 73.5% in females.
After correction for under-registration, the total number of annual cancer deaths among males and femortality by sex and site, adjusted for age, obtained from the Cali cancer registry. These I R /M R ratios were then applied to the national and district mortality. Cervix (C53) and corpus uteri (C54) cancer deaths and new cancer cases registered in Cali were adjusted for age, to correct for the varying proportions of these attributed to ICD code 'Uterus unspecified' (ICD-10 C55). For the category 'all cancers but non-melanoma skin', estimates were obtained by summing the number of cases at the 17 specific sites included in this study, and a category for 'all other cancers but non-melanoma skin' (including cancer of unknown primary site). This method has been used in compilations at the international level. 8, 13 The estimated incidence and corrected mortality are presented as crude and age-standardized rates per 100 000, using the world standard population, as originally proposed by Segi, 14 and modified by Doll.
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Age-specific incidence rates for the main sites, namely stomach cancer, breast cancer and cervix cancer are presented in comparison to age-specific incidence rates from other Latin American countries and the United States of America, provided by GLOB-OCAN 2000 (figures 1 and 2).
Validation
In selecting a final model to be used in the estimations, we performed a validation procedure using different sources of under-registration to correct the mortality (WHO indicators or local information) and using inci- 
FIGURE 2. AGE-SPECIFIC INCIDENCE RATES OF BREAST AND CERVICAL CANCER AMONG WOMEN, COMPARING DIFFERENT LA-TIN AMERICAN COUNTRIES AND THE USA, 2000
males together, was 36 591 deaths; 17 819 in men and 18 772 in women, with a mortality rate of 137.5 among men and of 121.7 among women (tables I, II). The I/M ratio was 1.6 in men and 1.8 in women. Among males, major incidence rates for specific cancer sites were prostate cancer (ASRW 45.8) followed by stomach cancer (ASRW 36.0), lung (ASRW 20.0) colon/rectum (ASRW 11.4) and leukemia (ASRW 8.4). Among females, the main cancers were those of the cervix uteri (ASRW 36.8), breast (ASRW 30.0), stomach (ASRW 20.7), colon/rectum (ASRW 13.9) and lung (ASRW 9.9). Among men, the estimated age-specific incidence rates of stomach cancer were highest in Colombia and Peru; among women, the Colombian age-specific rates were slightly lower than those observed in Peru but still higher than in other countries.
The Colombian age-specific rates of cervical cancer were relatively high, with a peak for the age group 60-64 followed by a subsequent decline. In women aged 75 or over, cervix cancer rates showed a strong increase again, which was difficult to interpret. Breast cancer age specific rates, show the lowest rates in Colombia compared to other countries, but similar patterns ocurr until age 74, when a new rise is seen in the rates. The pattern observed in the age-specific rates for these cancers show an opposite shape: the countries with lower rates for cervical cancer have the highest rates for breast cancer.
At the district level, the estimated incidence rates for all cancers combined (excluding non-melanoma) were highest in both sexes for those districts with low death certificate coverage (less than 50%) and small population sizes (Chocó, Arauca, and San Andrés, with populations of 404 063, 215 410 and 67 612 for 1997 respectively) (table III).
Discussion
The cancer incidence estimates shown in this paper are the first estimates incorporating both national and regional data sources solely within Colombia; namely, incidence data from the Cali Cancer Registry and national mortality data from official sources in Colombia.
The total number of cases estimated for each sex, as well as the rates for all sites but skin, are close to estimates derived from GLOBOCAN 2000. 8 Overall cancer rates were of a similar order of magnitude between the sexes, as reported in previous estimates for the region. 4 They do however differ from the patterns observed in North America, for which rates are higher among men with male to female ratios of 1.1.
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The rank order and magnitude of the incidence rates estimated for the main sites differ slightly from both the GLOBOCAN 2000 estimates and the Cali registry data. Among men in this study, cancer of the prostate was the most common, followed by cancers of the stomach, lung and colon/rectum. For GLOBOCAN 2000, the corresponding placed stomach cancer above prostate cancers. The use of more recent mortality data in the present study (mortality data 1995-1999), as compared to GLOBOCAN 2000 (mortality data 1992-94), may contribute to the observed differences; stomach cancer mortality continues to decline in Colombia, whereas prostate cancer has been increasing recently. 3, 19 Among women in this study, the most common neoplasms are cancer of the cervix, followed by cancers of the breast, stomach and colon/rectum. In GLOB-OCAN 2000, breast cancer ranked first, followed by cer- vical and stomach cancer. 8 The differing pattern in the main sites among women regarding breast cancer may at least in part be explained by the wider number of cancer registries included in the estimation process with GLOBOCAN 2000; the inclusion of data from other Latin American registries pertaining to wealthier countries than Colombia, where breast cancer rates are considerably higher than cervical rates. In Concordia, Argentina, breast cancer rates (ASWR) are 60.2 whilst cervical cancer rates (ASWR) are 32.0, while in Cali, 2 In addition, the national mortality data used in the estimation process in this study may have been affected by the higher correction for under-registration among sparsely populated districts -which also had some of the highest cervical cancer mortality rates in the country. 3 The figures differ also from those of the Cali cancer registry. For the last period of registration available (1992-96), the highest incidence rates among men were reported as cancers of the prostate, stomach and lung, whilst for women they were cancers of the breast, cervix, and stomach. 2 The difference is possibly explained by the fact that Cali serves only an urban, and accounts for about 5% of the total population of Colombia. 20 High levels of industrialization, a more favourable mean socioeconomic status and change in lifestyle patterns, could be some of the factors why both stomach and cervical cancer have been on the decline (Luis Bravo, personal communication).
The observed age-specific incidence pattern of cervical cancer is different in Colombia than in the other countries. Screening coverage for cervical cancer in postmenopausal women, although covered by the Colombian health system, seems not to be very favourable according to the perception of many health care providers, and it could be related to the fact that the screening activities are a component of the sexual and reproductive health programme. Another factor that could influence the age specific pattern, could probably be also related to the prevalence and incidence of human papillomavirus infection, which in a previous study among Colombian women showed an increase in women aged 55 years or more. 21, 22 The high incidence figure for prostate cancer deserves a cautious interpretation; the effect of the introduction of PSAtesting in the allocation of cause of death has not been established in Colombia; a recent study in North America found that misattribution of the prostate cancer deaths, over-attributing prostate cancer as cause of death in prevalent cases, could account for a very important proportion of the observed mortality rate increase. 23 There is also evidence that coding rules for mortality favour an over-reporting of prostate cancer, in spite of a high level of agreement observed between underlying causes of death and information from medical records. 24 The other cancer site worth a comment regarding quality is liver cancer, for which the estimated incidence rates and number of new cases were lower than the corrected mortality; this reflects a well-known problem observed in other countries and is explained by the fact that the majority of liver cancer deaths are "liver cancer not specified if primary or secondary" that probably correspond to metastatic cancers, but that are certified as primary liver cancers. 25 A similar result was observed with pancreatic cancer, where mortality rates were slightly higher than estimated incidence rates. This discordant situation has also been observed in other countries and could be due to underestimation of the incidence, since it is a site with difficult access to a histological diagnosis, and to occurrence generally in old persons who prefer dying at home without medical care. At the same time, mortality due to pancreatic cancer has been shown to be overestimated. 25 At a district level, the most valuable data obtained from the analysis reported in this paper were the absolute number of cases and the crude rates that may help in the planning of cancer care, making available for the first time data that can be used as the potential expected demand for delivering cancer services, and related to the actual provision of specialized cancer care services in the country. In contrast, the standardized incidence rates obtained play a role in comparing rates among districts with different age structures, as could be the case when comparing Bogotá with some of the districts in the Amazon region, and also for international comparisons as we used the world standard population in the standardization of rates; 26 these comparisons could also be used to identify priority areas for intervention The higher estimates obtained for those districts where mortality coverage is under 50% have to be interpreted cautiously, as they can be overestimated for different reasons: most of the districts with low mortality coverage are also districts with small population sizes, for which rates may be unstable and coverage estimates were only estimated for one year, namely, 1993 (the year of the census). In addition, those are districts with low socio-economic conditions and are expected to have low cancer risk, except for cancers associated with poverty, such as cervical cancer. Finally, Colombia faced a new organization of the System of Vital Statistics in 1997 with clear guidelines for collection of vital statistics; 27 as a result, districts that formerly had very low coverage are expected to have improved it in a significant way. This was not considered in the correction of underestimation, as it used only data from 1993, even though mortality data from 1995 to 1998 were available. Therefore, future estimation exercises should aggregate districts with sparse populations before estimation, and should examine carefully how to correct for mortality underestimation with more recently data, if available.
It seems also worthwhile to evaluate the variations in the district estimates when correcting mortality for salud pública de méxico / vol.48, no.6, noviembre-diciembre de 2006 Piñeros M y col. quality indicators; differences in quality among districts have shown to be very important. 3 For example, the proportion of cancer deaths from unspecified sites, which may comprise up to a 10% of total cancer deaths in Colombia, highlights problems in the accuracy of the death certificate and in diagnostic capacity, which in turn affects the estimation of cancer occurrence.
Three approaches to missing data may be used: ignoring missing data by excluding cases (listwise or pairwise), redistributing missing data according to observed values, and replacing missing data by statistical estimates from observed values (mean imputation, regression imputation, hot-deck imputation and multiple imputation). Ignoring missing data is feasible when there is a low impact on sample size; redistributing missing data is an alternative to reduce the impact on sample size and it is viable when the mechanism causing missing data is random; replacing missing data is reasonable if a statistical method that needs a complete data set is required. Previous analysis shows that entailing If a complete data set is needed and having a small sample size with random occurrences of missing data or a big sample size with non random occurrences of missing data, compels using the replacing technique , but, if obtaining a complete data set is not the objective, imputation of missing values could incur in biases.* The present study replaced missing data of age on the basis of a random occurrence, and following a "historical procedure" carried out at IARC.
The effect of introducing correction for quality and coverage in the estimation procedure has to be carefully validated before put into practice. Nevertheless, these estimates provide the best current estimates of cancer burden in Colombia, and have been incorporated into the current edition of GLOBOCAN, which provides worldwide cancer estimates for the year 2002. 28 
